Introduction {#s1}
============

The life and health of people within socially disadvantaged populations, particularly children, are vulnerable to the influences of various social determinants of health and susceptible to difficult and dangerous conditions such as housing insecurity^[@r1],[@r2],[@r3])^. A study in South Africa indicated that the levels of anxiety and depression, affability, and resilience did not differ significantly between orphans and non-orphans, but there were relationships between caregivers' physical health, their caregiving capacities, and children's psychosocial wellbeing regardless of "orphanhood" status^[@r4])^. Orphans' health status is strongly dependent on their foster home environment, and there is evidence regarding the importance of developing and strengthening the health literacy of orphans themselves^[@r5])^.

Food security is a critical issue affecting the health conditions and wellbeing of orphans and their caregivers^[@r6])^. General self-rated health among orphans and vulnerable children was reported to be associated with increased access to food and medical health care, education, safe drinking water, and household income^[@r7])^. The consumption of three meals per day was associated with positive self-rated happiness among vulnerable children including orphans, as was no working activities such as being a street vendor or doing laundry by hand, good relationships with caregivers, and positive community attitudes towards orphans as a source of capacity for the community^[@r8])^. In addition, "living with mother" was one factor contributing to the frequency of consumption of carbohydrate-rich foods as staples among vulnerable children including orphans^[@r9])^.

Low nutritional status among children is a challenge in rural areas and populations with low socioeconomic status (SES)^[@r10],[@r11],[@r12])^. On the other hand, childhood obesity and overweight prevalence are becoming global public health concerns, even in the high-SES populations of developing countries and industrialized countries^[@r13],[@r14],[@r15])^. Recent rapid economic growth in Africa has been accompanied by increases in social deprivation, including food security disparities. SES is an important predictor of food security and nutritional status^[@r16])^. The impacts of economic growth and development on food security and consumption should be considered when evaluating nutritional outcomes in societies undergoing rapid economic growth.

There have been few studies regarding the interrelations between anthropometric measurements, food consumption, and quality of life (QOL) among school-age children including orphans and vulnerable children in Sub-Saharan Africa. Here, we investigated the relationships between sociodemographic factors, anthropometric measurements, food consumption, and QOL among school-age children in the Sub-Saharan African country, Tanzania.

Methods {#s2}
=======

This study was conducted in Dar es Salaam (population in 2012: 4,364,541) and Moshi (population in 2012: 184,292), Tanzania, in September 2013. One of the three districts in Dar es Salaam was randomly selected. The selected district contained 140 governmental primary schools (81 from urban areas and 59 from rural areas). Moshi had 34 governmental primary schools (20 from urban areas and 14 from rural areas). Two primary schools from urban areas and two primary schools from rural areas in both cities were selected for this study. Urban and rural areas were defined according to the classification of the governmental school list provided by the municipal offices. The numbers of study participants and subjects for analysis from each school are shown in [Table 1](#tbl_001){ref-type="table"} Table 1Numbers of study participants and subjects for analysis from each schoolRegionLocationParticipantsSubjects for analysisSchool 1Dar es SalaamUrban120118School 2Dar es SalaamUrban126119School 3Dar es SalaamRural148144School 4Dar es SalaamRural9995School 5MoshiUrban5958School 6MoshiUrban2323School 7MoshiRural7373School 8MoshiRural6464Total712694.

Anonymous self-administered questionnaire surveys were conducted in the Kiswahili language among fifth and/or sixth grade primary school-age children to gather data on sociodemographic characteristics (age, gender, and family members living together), daily life conditions (working status and number of meals/snacks per day), food consumption in the previous 24 hours, QOL, and anthropometric measurements (height and weight). The height and weight of all questionnaire survey participants were measured by the authors and research assistants, all of whom were Muhimbili University nursing graduates and nursing teachers from Kilimanjaro Medical Training College. The Rohrer index score was calculated from height and weight, and scores of \< 115 were classified as low weight, 115--145 as normal weight, and \> 145 as overweight. The Rohrer index score was calculated as shown below^[@r17])^.

Rohrer index score = weight (kg) / height (cm) ^3^ × 10^7^

A list of common breakfast, lunch, and supper foods in the study areas was formulated based on our previous interviews with school-age children who visited anti-retroviral treatment clinics, including 30 children in Dar es Salaam and 30 children in Moshi (unpublished). The participants completed the hard copy questionnaire by selecting options from the list illustrating their food consumption in the past 24 hours. If the list included no food that they had eaten, they provided the name of the food in the "others" section of the questionnaire. The reported foods consumed were categorized as carbohydrate-rich or protein-rich foods, and vegetables or others for analysis by identifying the main nutritional contents of each food mentioned by the participants ([Table 2](#tbl_002){ref-type="table"}Table 2Categorization of carbohydrate-rich and protein-rich foodsCarbohydrate-rich foodsProtein-rich foodsRice\
Ugali (dough made of maize flour cooked with water)\
Bread/Chapati (Indian bread)\
Mandazi (fried bread)/Cake/Muffin\
Cassava/Potato/Sweet potato/Yam\
Porridge\
Cooked banana\
Maize\
Pasta\
GroundnutsBeef\
Goat meat\
Chicken\
Roasted meat\
Stew\
Liver\
Fish\
Beans\
Egg\
SausageSambusa (fried or baked pastry with filling of potatoes, lentils, and minced meat such as lamb, beef, or chicken)\*\*Food containing both carbohydrates and protein.).

QOL was evaluated based on seven questions from the WHOQOL-BREF^[@r18])^, adapted by the authors for the conditions encountered by Tanzanian school children (Box 1), and evaluated on a five-point scale (1--5). The QOL score was calculated by totaling the number of points for the seven questions (maximum 35 points).

**Box 1** Questions to evaluate the QOL of school-aged children
---------------------------------------------------------------

1\) How would you rate your quality of life?2) How satisfied are you with your health?3) How satisfied are you with the support you get from your family and/or caregiver?4) How satisfied are you with the support you get from your friends?5) Do you have enough energy for everyday life?6) Have you enough money to meet your needs?7) How often do you have negative feelings such as unhappiness, despair, anxiety, or depression?

The mean and standard deviation (SD) of height, weight, and Rohrer index score by age and gender were calculated. The Rohrer index score was categorized into three groups (low weight, normal weight, and overweight) and analyzed according to sociodemographic characteristics and food consumption using the chi-square test. The QOL score was also analyzed according to sociodemographic characteristics and food consumption using the *t* test. Multivariate linear regression analysis was used to analyze the associations between QOL score and sociodemographic characteristics and food consumption. IBM SPSS statistics 22.0 was employed for statistical analysis. In all analyses, *P* \< 0.05 was taken to indicate statistical significance.

This study was approved by the educational sectors of local government and the leaders of selected schools after being informed of the procedures and ethical issues prior to survey distribution. An oral explanation regarding study participation including ethical considerations, the voluntary nature of participation, and right to refusal if they did not wish to answer was provided to the participants before the survey. Privacy and confidentiality were protected during both survey distribution and data analysis processes, and participants were not asked to give their name or any information that would allow household identification. In addition, all data obtained were anonymized to ensure confidentiality. This study was approved by the Ethics Committee of the National Institute of Medical Research (NIMR) in Tanzania (approval number MINR/HQ/R.8c/Vol. II/149).

Results {#s3}
=======

A total of 694 school-age children (male: 312; female: 382) aged 10--14 years participated in this survey, which gathered information about sociodemographic characteristics, food consumption in the previous 24 hours, QOL, and anthropometric measurements (height and weight).

[Table 3](#tbl_003){ref-type="table"}Table 3Height and weight of school-age children in Dar es Salaam and Moshi, Tanzania (*n* = 694)MaleFemalenHeightWeightRohrer index score*n*HeightWeightRohrer index scoreMean ± SDMean ± SDMean ± SDMean ± SDMean ± SDMean ± SD10 years old15136.9 ± 5.331.7 ± 5.0123.2 ± 17.232137.3 ± 5.430.9 ± 5.0119.6 ± 17.211 years old80138.4 ± 5.732.3 ± 6.9120.9 ± 16.8157140.4 ± 6.934.7 ± 7.1125.0 ± 21.512 years old101141.5 ± 6.333.2 ± 5.3117.2 ± 17.5117145.1 ± 6.837.3 ± 8.9121.4 ± 22.213 years old91145.4 ± 8.536.3 ± 8.4117.2 ± 17.369148.1 ± 8.241.7 ± 9.0128.1 ± 21.714 years old25151.1 ± 7.639.7 ± 6.1114.9 ± 13.17154.1 ± 7.147.8 ± 4.9131.8 ± 20.2 shows the children's height (cm) and weight (kg) by age. Females exceeded males in both average height and weight in all age groups except weight for the 10-year-olds.

[Table 4](#tbl_004){ref-type="table"}Table 4Sociodemographic characteristics, Rohrer index score, and QOL score of the study participants (*n* = 694)*n*%Rohrer index score*P*-value (Chi-square test)QOL score*P*-value (*t* test)Low weight (*n* = 273)Normal weight (*n* = 353)Overweight (*n* = 68)n%n%n%Mean ± SDRegionDar es Salaam47668.619140.123148.75311.10.11423.5 ± 3.80.001Moshi21831.48237.612155.5156.924.5 ± 3.6LocationUrban31845.813341.815348.13210.10.39923.9 ± 3.30.065Rural37654.214037.220053.2369.623.8 ± 4.1GenderMale31245.013743.916251.9134.2\< 0.00124.2 ± 3.30.057Female38255.013635.619150.05514.423.6 ± 4.0Age group10--12 years old50272.318837.526853.4469.20.09723.9 ± 3.80.313≥ 13 years old19227.78544.38544.32211.523.6 ± 3.6Living with parent(s)Living without parents11516.64135.76253.91210.40.69123.2 ± 4.50.112^a^Living with one parent20329.38642.410149.8167.923.8 ± 3.7Living with parents37654.214638.819050.54010.624.1 ± 3.5Working statusNot working64592.925339.232951.0639.80.94323.9 ± 3.70.150Working446.31738.62250.0511.423.1 ± 3.8Number of meals on the day before the survey≤ 223533.98435.712452.82711.50.29322.6 ± 4.1\< 0.001≥ 345966.118941.222949.9418.924.5 ± 3.4Consumption of protein-rich food on the day before the surveyNo12718.35039.46248.81511.80.68023.1 ± 4.00.014Yes (at least once)56781.722339.329151.3539.324.0 ± 3.7^a^ANOVA. shows children's sociodemographic characteristics, Rohrer index score, and QOL score. Based on the Rohrer index score, 273 (39.3%) children were classified as low weight, 353 (50.9%) as normal weight, and 68 (9.8%) as overweight. Other than gender, there were no significant differences in the distribution of the Rohrer index score by region, location, living status with parent(s), current working status, or food consumption. Children in Dar es Salaam were more likely to be low weight or overweight compared to those in Moshi, although the differences were not significant (chi-square test, *P* = 0.114).

As shown in [Table 4](#tbl_004){ref-type="table"}, 459 (66.1%) children reported having three or more meals and/or snacks in the day before the survey. Only two children (0.3%) reported that they did not eat any carbohydrate-rich foods as staples on the day before the survey; they were both orphans that had lost both parents. A significant difference was observed in the consumption of carbohydrate-rich food at least once per day between children living with and without parent(s) (Fisher's exact test, *P* = 0.027, data not shown in tables). As shown in [Table 4](#tbl_004){ref-type="table"}, 127 (18.3%) children had not eaten any protein-rich food on the day before the survey. There was no significant difference in the consumption of protein-rich food at least once per day between children living with and without parent(s) (chi-square test, *P* = 0.296, data not shown in tables).

The mean ± standard deviation (SD) of the QOL score was 23.9 ± 3.7 (data not shown in tables). [Table 4](#tbl_004){ref-type="table"} shows the mean ± SD of the QOL score according to sociodemographic characteristics and daily life conditions. Children in Moshi (23.5 ± 3.8) showed a significantly higher QOL score than those in Dar es Salaam (24.5 ± 3.6) (*t* test, *P* = 0.001). Children that had eaten three or more meals and children that had consumed protein-rich food at least once on the day before the survey (*t* test, *P* \< 0.001, *P* = 0.014 respectively) showed significantly higher QOL scores than their counterparts.

Regardless of gender, age, and weight, the father's absence was related to shorter stature according to multivariate linear regression analysis (*P* = 0.002). However, regardless of gender, age, and height, the father's absence was not associated with lower weight according to multivariate linear regression analysis (*P* = 0.529). In addition, the same statistical analysis showed no associations between presence of the mother in the home and height (*P* = 0.781) or weight (*P* = 0.621) (data not shown in tables).

The mean ± SD number of children living together was 2.32 ± 1.82. The maximum and minimum numbers of children living together were 15 and 0 (i.e., the participant was the only child in the household) respectively. The number of children living together was not associated with height (*r* = 0.014, *P* = 0.709), weight (*r* = 0.004, *P* = 0.927), Rohrer index score (*r* = --0.027, *P* = 0.482), number of meals on the day before the survey (*r* = 0.028, *P* = 0.461), or QOL score (*r* = --0.066, *P* = 0.087) according to Spearman's rank correlation coefficient (data not shown in tables).

Regardless of region, location, gender, and age, living without parents was associated with short stature (multivariate linear regression analysis, *P* = 0.010). Using the same model, a high QOL score was associated with having three or more meals and/or snacks per day (*P* \< 0.001) ([Table 5](#tbl_005){ref-type="table"}Table 5Factors associated with a higher QOL score among school-age children in Dar es Salaam and Moshi, Tanzania (*n* = 694)HeightWeightRohrer index scoreQOL score*βP*-value*βP*-value*βP*-value*βP*-valueRegion (Dar es Salaam / Moshi)0.0140.6750.0160.665--0.0060.8870.0830.029Location (Urban / Rural)--0.0770.031--0.0490.1940.0180.6470.0010.971Gender (Male / Female)0.146\< 0.0010.225\< 0.0010.156\< 0.001--0.0830.033Age0.452\< 0.0010.342\< 0.0010.0050.895--0.0550.165Living with parent(s) (Living without parents / With one parent / With parents)--0.0890.010--0.0460.2040.0340.3790.0350.364Working status (Not working / Working)--0.0270.4310.0040.9210.0140.716--0.0330.382Number of meals on the day before the survey (≤ 2 / ≥ 3)--0.0150.418--0.0580.119--0.0740.0650.172\< 0.001Consumption of protein-rich food on the day before the survey (No / Yes, at least once)0.0090.7870.0130.720--0.0080.8310.0620.102*R^2^*0.2370.1490.0300.062*F*26.41214.9122.6495.626*P*-value\< 0.001\< 0.0010.007\< 0.001).

Discussion {#s4}
==========

Regardless of region and location of residence, 39.3% of participants were of low weight, and only 50.9% were normal weight according to the Rohrer index score. After adjusting for region, location of residence, gender, and age, there were no significant associations between height, weight, or the Rohrer index score and number of meals or protein-rich food consumption on the day before the survey. A previous study in Ghana indicated a significant association between region of residence and stunted growth in children^11^, although no associations were observed between region and/or location of residence and anthropometric measurements such as Rohrer index scores in this study. Dar es Salaam is markedly larger than other cities in Tanzania, and availability and accessibility of daily necessities such as soap, toilet paper, and food are high. However, with the exception of gender, there were no significant differences in the distribution of the Rohrer index score by region, location, living status with parent(s), current working status, or food consumption in this study. Urban food insecurity should also be recognized, because of high food prices^[@r19])^. The majority of the population in low SES conditions may not experience the positive impact of economic development on child growth even in Dar es Salaam. Living with both parents contributed to taller stature compared to living with one or no parents in this study, although no such associations were observed for weight or Rohrer index score. Height for age is an indicator of stunting due to chronic lack of nutrition and is associated with low SES^[@r20])^. Having the father and/or both parents in the household may reduce negative impacts on children's wellbeing and life conditions, because the income status of men is generally higher than that of women^[@r21])^. For example, the father's presence contributed to better schooling of children, although the same association was not observed for the mother's presence^[@r22],[@r23])^. The father's absence may influence household income and/or food security, and adversely affect long-term aspects of children's growth such as height.

Previous studies indicated that the number of children in the household was related to children's nutritional and growth status such as stunting^[@r11],[@r24])^, but no such differences were observed in this study. Although some participants reported living in homes where there were numerous children, \> 75% of the participants lived with three or fewer children in this study. Therefore, the number of children in the household did not affect children's food consumption or anthropometric measurements in this study.

On the other hand, regardless of region and location of residence, about 10% of the participants was overweight according to the Rohrer index score. As mentioned in the introduction, childhood obesity and overweight prevalence have been observed even in high-SES populations in developing and industrialized countries^[@r13],[@r14],[@r15])^. There is an inverse association between SES and childhood obesity in industrialized countries, especially in low-SES populations^[@r14])^, because of greater access to energy-dense diets among low-SES populations in industrialized countries^13^. Further studies are required to identify background factors and mechanisms underlying the relations between region and location of residence and anthropometric measurements of school-age children in Tanzania. However, low-SES populations should be considered at risk of poor nutritional status, irregular child growth, and unbalanced food consumption such as high dependence on energy-dense diets, resulting in higher levels of overweight and obesity.

Limited access and/or not consuming three meals and/or snacks per day were associated with low QOL in this study, suggesting the importance of determining the mechanisms underlying the relationships between a healthy life, including food security and a high QOL. A previous study performed in South Africa indicated associations of food security and access to medical services with better emotional wellbeing of orphans, although SES such as the household asset index and monthly household expenditure showed no such associations^[@r25])^. Experiences in Canada indicated that a small monthly income supplementation for each child aged under six years significantly reduced food insecurity among vulnerable households such as low-income and single-parent families^[@r26])^. Physiological needs including food are defined as the most fundamental human needs in Maslow's hierarchy of needs, followed by safety--- including financial security, health, and wellbeing--- and needs of belonging including family and intimacy. The results of this and previous studies explain the importance of food security including number of meals per day as physiological needs rather than orphanhood status, and household income and/or poverty level as safety and belonging needs. Caregivers' condition and caregiving capacity as safety needs are more likely to be related to children's wellbeing and/or QOL than orphanhood status as a belonging need.

Consumption of carbohydrate-rich foods was not analyzed in this study, because almost all participants ate carbohydrate-rich foods at least once per day. Bivariate analysis showed statistically significant relations between protein-rich food consumption and QOL in this study, although multivariate linear regression analysis did not show statistical significance. When carbohydrate-rich food consumption needs are satisfied, we estimated that children may expect consumption of quality foods such as protein-rich foods, although further studies are required to clarify the relationship between children's QOL and consumption of quality foods. As carbohydrate-rich foods including bread, rice, plantain, and taro are usually staples in the study areas, they are likely to be the first choice of food under conditions with insufficient options and capacity for survival. On the other hand, there was no clear difference in quality food consumption, such as of protein-rich foods, between children living with or without parent(s), although previous studies indicated that food security is dependent on household economic status^[@r24],[@r27])^, which is in turn associated with the presence of the father in the household and his support^[@r28],[@r29])^.

This study had several limitations. Only the number of meals per day and variations in consumption of carbohydrate-rich foods and protein-rich foods were assessed, while quantity of food and nutritional intake were not included in the analyses. We did not assess the consumption of tea, milk, and/or other types of drinks containing sugar. This study also did not rigorously evaluate children's growth using the Z-score of height for age and weight for age according to Tanzanian standards for school-age children that were not appropriate, although the Rohrer index score is a means of assessing weight for height among school-age children. This is because the objectives of this study were to evaluate the relationships between factors related to anthropometric measurements, food consumption, and QOL in general in Tanzania, not to assess the details of school-age children's growth monitoring through multi-dimensional measurements. As this study had a cross-sectional design, it was not possible to evaluate the long-term influence of SES and food consumption on children's growth and anthropometric measurements to determine the relationships between these factors on children's self-rated QOL.

Measures to avoid deaths such as reducing deaths among young people are needed in low-SES populations. In addition, this study suggested the need to improve the living environments and conditions of vulnerable children, such that they can receive the continued and stable support necessary to lead a safe and healthy life. It is especially important to ensure food security, defined as three meals per day, to satisfy their physiological needs. In addition, under socially disadvantaged conditions, it is important to improve not only individual capacity, but also family and community capacities to secure positive development for health promotion.
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